Methods
Reagents and Cell Culture RBL-2H3 cells were maintained in MEM (Invitrogen,), with 10% FBS, penicillin, streptomycin and L-glutamine. Monoclonal DNP-specific non-cytokinergic IgE (IgE DNP ) was prepared by affinity-purification as described in Liu et al (1) . DNP 18-24 -BSA was from Invitrogen or Biosearch Technologies (Novato); for lots used in this study, the number of haptens per carrier ranged from 18-24. Fluorescent IgE conjugates were prepared using NHS-esters of Alexa dyes (Invitrogen). Rabbit Ab to FcεRI  and rabbit antibody to pSHIP1020 was from Upstate Biotechnology); goat Ab to FcεRI , rabbit ab to Lyn and anti-phosphotyrosine antibodies (PY20/PY99) were from Santa Cruz Biotechnology . HRP-conjugated secondary antibodies and SuperSignal Chemiluminescent Substrate kits were from Pierce . Streptavidin QD 655 were from Sigma and 8-well chambers were from Lab-Tek. Fura-2 calcium imaging calibration kits were from Invitrogen .
Clustering Analysis
Residual low-frequency background signal was removed from all images using a highpass frequency domain filter, after which grayscale contrast was enhanced using a power-law transform. Images were then convolved with a Laplacian of Gaussian filter (2) and thresholded to extract size and location of fluorescent spots. This process generated a binary mask for each image which was used to determine average intensity of each spot in the original images.
Modeling
To analyze equilibrium binding data, we considered a model closely related to two published models, the equilibrium continuum model of Goldstein and Perelson (3) for trivalent ligand interaction with a bivalent cell-surface model, and a kinetic version of this model (4) . Our model extends the earlier kinetic model by incorporating a size constraint on cell-surface interactions. In our model, no interactions are allowed between receptor aggregates that contain more than a threshold number of receptors. A receptor aggregate above the threshold size is still allowed to interact with monomeric receptors and aggregates at or below the threshold size. The model was formulated using the rule-based modeling approach (5). It consists of two rules, which can be written in pseudo BioNetGen language (6) as follows:
where k +1 and k -1 are rate constants that characterize reversible capture of a free ligand, k +2 and k -2 are rate constants that characterize cell-surface interactions (i.e., reversible ligand-mediated receptor crosslinking reactions), and A 2 is a negative application condition. The application condition prohibits the second rule from being applied if sites selected for binding are each members of aggregates containing more than a threshold number of receptors, N. The application condition was enforced using an ad hoc problem-specific procedure. The model was simulated (to steady state) using a problem-specific implementation of a kinetic Monte Carlo algorithm (4, 7) . To estimate parameter values from measurements of equilibrium binding, we assumed 300,000 FceRI per cell, a typical value for RBL-2H3 cells (8) and a cell density of 2 x 10 6 /ml (the cell density used in experiments). In other words, we assumed a total receptor concentration R T of ~1.0 nM. Furthermore, we set each dissociation rate constant (k -1 and k -2 ) to 0.01 s -1 , which can be considered a typical value for binding of a DNP ligand to anti-DNP IgE (9), and we set N = 5 on the basis of empirical observations of receptor aggregate mobilities (10) . We then used a brute-force approach (grid search) to determine best-fit values for k +1 and k +2 , as well as a constant scaling factor F. We introduced F to relate flow cytometric assays of the mean fluorescence of cell-associated DF3 5FAM (arbitrary units) to calculated fractional saturation levels at binding equilibrium. We assumed that the measured mean DF3 5FAM fluorescence is proportional to the fractional saturation of IgE antigen-combining sites, where F is the constant of proportionality. Fractional saturation was calculated from our model as the steady-state value of (L T -L)/(2R T ), where L T is total ligand concentration and L is free ligand concentration. The model-derived binding curve shown in Fig. 2A and the histograms shown in Fig. 2C are based on the following bestfit parameter values:
The data points shown in Fig. 2A represent measured fluorescence levels divided by F, which was determined to be 227 (arbitrary units). The time courses shown in Fig. 2D are based on the best-fit estimates of K 1 and K 2 and in addition the assumptions stated above (N = 5, R T = 1 nM, and k -1 = k -2 = 0.01 s -1 ). 
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